In considering nutrition and endocrinology in relation to disease of the larger domesticated animals it is not always easy to decide whether a given syndrome is due to specific nutritional deficiency, or primarily to endocrine dysfunction, or to faulty operation of. other physiological mechanisms for utilization of nutrients.
12 medicine, which on cursory inspection suggest themselves as nutritional in origin but on closer study much more strongly suggest endocrine dysfunction. Perhaps the most striking is bovine hypomagneswemia manifested in clinical form as the so-called "grass tetany". In the human subject the level of plasma magnesium rarely if ever deviates far from the normal but in grazing cattle it may vary in downward direction throughout the year. The fall may be quite slow, an average summer value of about 2-4 mg. % dropping through autumn and winter to an early spring value of half or onethird this figure. This "seasonal hypomagneswmia" observed on some farms and not on others, in some seasons and not in others, may occur without any obvious clinical symptoms and is only detected when periodic blood analyses are made for investigational purposes. The neuromuscular mechanisms of the animal apparently adjust themselves to the gradual change in plasma magnesium level and no hy.perxsthesia is displayed. If a magnesium injection is given the temporarily elevated plasma magnesium value rapidly declines, by distribution over the tissues, and the initial subnormal value returns within twenty-four hours.
If these were the only observations one might be tempted to associate this seasonal hypomagnesaemia with variations of quantity of magnesium in the grass, or with availability for digestive absorption, and think in terms of nutritional deficiency. But the rest of the story is against any such superficial view, for a normal level of plasma magnesium may also drop quite suddenly, even to one-fifth normal within a few days. This is not uncommon in a herd of cows abruptly turned out from winter stalls to young spring grass. Within a week there may be a crop of cases of acute hypomagneseemic tetany terminating in fatal convulsions. With rapid fall of plasma magnesium the neuromuscular mechanisms have no time to adjust themselves to the change and pronounced hyperiesthesia occurs. If a typical case of such rapidly developing "grass tetany" is treated by injection of magnesium sulphate the hyperaesthesia is corrected and the convulsions are allayed. The high artificial level of plasma magnesium of course begins to fall at oince but this time, unlike the preceding case of slowly developing seasonal hypomagnesaemia, the fall does not continue to the pre-injection level but is arrested at or near the normal level. With luck the cure is permanent despite the fact that nutritional and environmeptal conditions remain unchanged.
In between these two extremes comes a third type of hypomagnesemiam which from the point of view of the veterinary practitioner is the most unsatisfactory form. The fall is intermediate in rate, extending over many days, even a few weeks, but not months. The time is insufficient for adaptation of neuromuscular responses and a state of latent tetany develops, from which a convulsive attack may easily be precipitated. A magnesium injection allays clinical sympt-oms when they appear but the fall of plasma magnesium from the high artificially induced level is no longer arrested near the normal but tends to continue to the preceding latent tetany value. From this point it may spontaneously rise again over the ensuing weeks and the practitioner may report a cure for magnesium therapy; or further acute attacks may be precipitated from the latent phase and the animal succumb to one of them. No correlation can be traced between dietary intake of magnesium and occurrence of the disorder, and surveying the phenomena as a whole it seems reasonable to assume that the hypomagnesaemia arises from temporary dysfunction of a physiological mechanism, presumably endocrine, for maintaining the plasma magnesium at the constant level shown by most animals in health. Relatively little is known concerning the causes of the presumed dysfunction and almost nothing about the physiological mechani'm itself. There is some slight evidence that the pituitary gland may be concerned. Seaeonal hypomagnesxemia has also been observed in sheep but convulsive tetany is rare.
Hypocalcxmia.-Disorders of ruminants associated with hypocalcaenia are also common, the best known being "milk fever" of cows and its analogue "lambing sickness" of ewes. The blood calcium drops quite suddenly soon after parturition, commonly to half its normal value. This is usually accompanied by a fall in inorganic phosphate and rise of plasma magnesium. Normal calvings are frequently associated with a slight depression of blood calcium and phosphate, with slight elevation of magnesium, and "milk fever" might almost be regarded as a pathological exaggeration of a normal physiological phenomenon reflecting change of endocrine balance after initiation of lactation. In this case the endocrine mechanism is better known and the usual explanation given for milk fever and lambing sickness is temporary dysfunction of the parathyroids. One gallon of milk contains as much calcium as the total present in the whole circulating blood of the cow, and unless the calcium-controlling mechanism comes into operation at once, balancing the sudden demands of the udder, hypocalcaemia is 13 Section of Comparative Medicine 443 inevitable. This is far from repre-senting the whole. story, however, since hypocalcaemia occasionally occurs in the cow well in advance of lactation. In the case of sheep preparturient hypocalcaemia, occurring about ten days before lambing, is quite common. The primary disturbance is obviously endocrine, and not nutritional shortage of calcium.
Although it is possible that the statistical incidence of milk fever may be somewhat less on high calcium intake than on low, 'the disorder occurs in cows receiving large mineral supplements all the year round. On the other hand it is almost unknown in uncivilized cows under ranching conditions, even where the pastures are low in calciumn. Chronic hypocalcaemias are also known in ruminants but where the fall in calcium is sudden all that is required to effect a cure is to elevate artificially the level of blood calcium for the brief period necessary to allow the animal to recapture control of its own physiological equilibrating mechanism. The response to an injection of calcium borogluconate is often spectacular and a comatose cow may be on her feet again in half an hour. The subsequent fall of the induced high calcium level is very rapid but instead of continuing to the pre-injection point it is arrested near the normal level and recovery is effected without regard to diet, despite the continuous subsequent lactation drain.
Post-parturient hypocalcaemia is also known in the sow, the mare and the bitch, and it is therefore of interest to note that it appears to be entirely unknown in the human female.
Ketosis.-Amongst other disorders of ruminants in which the nutritional factor may at first sight appear to be dominant but which on closer inspection appears to be conditioned by defective endocrine function, are the pregnancy toxaemia of ewes and the post-parturient hypoglycoemic acetonaemia of cows. The former is confined, for all practical purposes, to ewes carrying more than one fcetus, occurs about a month before lambing, and is most commonly precipitated by sudden interruption of nutrition occasioned by adverse weather conditions. It can be experimentally produced by cutting down food supplies in late pregnancy but not in early pregnancy. The most pronounced feature of the blood picture is acetonmeia, with figures up to thirty times the normal value, and hypoglycaemia is a common concomitant. The temptation is therefore to, regard the-disease as wholly nutritional, to explain the acetonaemia as due to combustion, of body fat in absence of adequate carbohydrate and to explain the twin lamb incidence by saying that twoi foetuses make higher demands than one on blood sugar. But once the disorder is established, response to feeding abundant carbohydrate or to glucose injections is very poor and mortality remains high. In some cases the interruption of nutrition can be shown to have been very brief, and in others no interruption can be traced at all in fat ewes which, if caught in the early stages of the disease, respond much better to enforced exercise than they do to increased carbohydrate intake. It is difficult to escape the conviction that the primary factor in the ketosis, and in the hypoglycoemia where such is also shown, is disturbed balance of endocrine secretions, most probably of the pituitary gland; and that although malnutrition is the commonest precipitating cause it only operates in an animal in an "endocrinologically labile state". It seems at least probable that injection of selected pituitary extracts might precipitate the d?sorder equally well.
Preparturient ketosis of the type corresponding to pregnancv toxaemia in the ewe is rare in the cow but post-parturient hypoglycaemic ketosis, rare in the ewe, is quite common as a clinical entity in the dairy cow. Moderate acetonremia without hypoglycaemia and with no clinical symptoms is also quite common in the stall-fed cow irrespective of stage of sexual life. This mild winter ketosis is commonest in heavy milkers fed for high production and can certainly not be attributed to shortage of exogenous carbohydrate. The post-parturient ketosis manifested clinically by fall in milk yield and loss of condition is associated with inappetence, but "dyspepsia" is an effect rather than a cause of the disorder. The cow may be feeding well for ten days after calving and then develop acetonaemia despite the endeavours of the stockman to induce it to eat as much grain food as possible. In some cases persistent intravenous injections of glucose at intervals of a few days may temporarily abolish the ketosis by forcibly abolishing the hypoglyceemia and so allow the animal to lift itself out of a metabolic vicious cycle, but the treatment is by no means certain and it seems obvious that behind the apparent disturbance of carbohydrate-fat metabolism there is a primary disturbance of endocrine function, the precise nature of which has not yet been elucidated.
Dr. S. J. Folley (Abridged): The purpose of this paper is to consider how far experiments on animals have led to advances in the clinical application of endocrinology and to emphasize the precautions to be observed in the application to man of the results of experiments on other species.
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Advantages of the Comparative Method (1) Radical operative procedures.-Operations involving total'extirpation of endocrine glands, particularly such operations as hypophysectomy, pancreatectomy, parathyroidectomy and adrenalectomy are hardly possible in man, but the effects of such operations can be observed in animals. Advances in pituitary and adrenal cortex physiology have been made possible by extirpation experiments on animals. In addition, as an outstanding example, may be cited the discovery and isolation of insulin, made possible by the use of depancreatized dogs.
Unintentional experiments on man have, of course, frequently occurred in the course of surgical operations involving partial or completp removal of endocrine glands, and though such operations have often yielded valuable clues, such indications could seldom be followed up except on a comparative basis.
(2) Economy of material.-Probably the vast majority of endocrine experiments have been carried out on small laboratory rodents. On a body-weight basis we may take roughly 3,000 mice as equivalent to a woman. Assuming that the response is roughly proportional to body-weight, it follows that the amount of cestradiol necessary to cause development of the uterine endometrium of a mouse is about 1/3,000 of that necessary to do the same in a woman or about 1/25,000 of the amount required for a cow weighing 500 kg.
(3) Saving of time.-Rodents, unlike for instance cats, conveniently breed freely in cages and their cestrous cycles and gestation periods are short when measured on the human time scale. Therefore experiments on the endocrine control of growth, reproduction and lactation can be carried out on rodents with a minimum of delay. This has been of particular importance in the development of methods of bio-assay of hormones which constitutes an early and essential step in any attack upon a new field. An outstanding example is provided by the Allen-Doisy vaginal smear test for cestrogenic activity, which was one of the most important of the factors contributing to the isolation and chemical characterization of the natural oestrogens. The culmination of the advances thus set in train came with the total synthesis of one of the natural cestrogens (equilenin) and in the discovery by Dodds and his associates of the synthetic cestrogens, diethylstilboestrol, hexcestrol and diencestrol. One important link in the chain of events we have just been considering resulted from work on the human subject, namely, the discovery by Aschheim and Zondek of the presence of relatively large amounts of cestrogen in human pregnancy urine, a discovery which by opening up a source of cestrogens superior to any pre'viously known, greatly facilitated their isolation and further chemnical study. Even so, however, further comparative work disclosed yet a richer, though quite as convenient, source, the urine of the stallion.
Other species than rodents also have their uses in speeding the progress of endocrine research. The growth response of the capon comb to androgens is an example and Berthold's experiment on six cockerels, described ninety-six years ago, is the ancestor of numerous experiments which ultimately led to the isolation and chemical characterization of androsterone and testosterone and to the large-scale preparation of the latter from cholesterol. As in the case of the cestrogens, crystalline androgenic hormones are now available.
(4) Long-term experiments.-By the use of experimental animals whose normal life span is small as compared with our own, it is possible to study the effects of procedures such as deprivation of endocrine glands or administration of hormones applied over periods equivalent to say, twenty or thirty years in the human. Here again the rodent, particularly the rat and mouse, is particularly useful. Only thus was it possible to reveal the carcinogenic effect of lQng-term treatment with cestrogen.
(5) Use of inbred strains of experimental animals.-A further advantageous feature of the use of quickly breeding rodents is that highly inbred, approximately homozygous strains of animals can be quickly established, the use of which eliminates from the experiment much variability of genetic origin which might Qbscure the effect sought. Variability of experimental material is troublesome in, for instance, the study of milk secretion and if it were possible to breed goats as rapidly as rats, progress would be accelerated. The use of inbred material also enables us to study the interaction of hormonal with genetic factors. The strain of recessive dwarf mice has proved useful in studies of anterior pituitary growth hormone, while the progress in studies of 'the relationship between sex hormones and mammary cancer resulting from the development of strains of resistant and susceptible mice may also be mentioned. (1) Species differences.-Species differences are particularly important in the endocrine analysis of reproduction. It is not possible here to consider in detail the various types of cestrous cycle and breeding season encountered among the lower mammals but the striking species differences which have been observed in the hormone content of the anterior pituitary deserve more detailed comment. Thus horse pituitary is a very potent source of gonadotrophic activity, mainly follicle-stimulating hormone, while sheep and pig pituitary extracts contain principally luteinizing hormone. The potency of ox pituitary tissue is rather low and again luteinizing hormone predominates. Since the pituitary of the test animal is probably involved in responses to injected gonadotrophins, such functional variations between species might well explain species variations in response to gonadotrophic treatment.
Differences among species as regards the occurrence of gonadotrophins in body fluids are particularly striking. The discovery by Aschheim and Zondek of a gonadotrophin (chorionic gonadotrophin, P.U.) in the urine of pregnant women, which led to the development of a method of human pregnancy detection utilizing as test animals, the mouse, rabbit and Xenopus respectively, was the fruit of studies carried out on man.
Comparative studies on other mammals, however, showed that this gonad-stimulating agent, which is mainly a luteinizing hormone, occurs normally only in the blood and urine of pregnant primates. This exclusiveness is unfortunate as regards the cow and goat, since a reliable hormonal test for early pregnancy in these domestic mammals would be invaluable. The extension of these comparative studies to the mare revealed the presence in the blood, at certain stages of pregnancy, of another gonadotrophin (P.M.S.), like P.U. believed to originate in the placenta but unlike it in that it is a powerful follicle-stimulating agent. Thus we have here an example of studies on man being profitably extended to at any rate one other form, since as a result of the discovery of P.M.S. we have a test for pregnancy in the mare and at the same time a rich and convenient source of follicle-stimulating gonadotrophin for use in human and veterinary medicine.
The vast majority of mammals do not menstruate; menstruation is restricted among mammals to the higher primates, namely the anthropoid apes, baboons and Old World monkeys, and we may expect to gain information on the endocrine control of the human menstrual cycle chiefly by studies on primates. Apes and monkeys breed relatively slowly and are expensive and thus progress in this field is less spectacular than in the case of the fundamental work leading to the isolation of the sex hormones. Experiments on apes and monkeys are making progress, nevertheless. We may take as an example the discovery of cestrogen-deprivation bleeding in the monkey and it is interesting to note that although this phenomenon must have been seen by numerous surgeons who had removed the ovaries from women its true significance was never realized by them. It must be admitted, however, that as regards the endocrine analvsis and treatment of such conditions as dysmenorrhcea we are confronted by a serious limitation of the comparative method in that the monkey, unlike the human, cannot report its symptoms.
As a final example of the limitations imposed upon comparative studies by the existence of species differences, the obscurity even now surrounding the analysis of the factors controlling mammary growth may be cited. In some species, cestrogen is responsible for the growth of the mammary ducts, progesterone being required for full alveolar development. In other species, cestrogen alone seems sufficient to evoke full mammary growth. It is not yet known for certain to which category the primates belong.
(2) Psychological and neural factors.-Psychological or neural mechanisms play a far more important role in many endocrine processes in man than they do in lower animals and it is where such functions are concerned that most caution is necessary in the application to man of the results of animal experiments. The case of lactation at once comes to mind in this connexion. Even in the cow, neurological and perhaps psychological factors have an important influence on the "letting down" or release of milk from the mammary gland. How much more therefore must the control of human lactation be complicated by neural and psychological factors? Recent research has put at our disposal two methods for stimulating lactation in the cow, namely by administration of crude anterior pituitary extracts and of iodinated proteins respectively, the second of which is approaching the stage of practical application. In addition there has recently been developed a simple method of inducing copious lactation in non-pregnant, barren, bovines involving nothing more than administration of synthetic oestrcogen. Nevertheless,
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Proceedings of the Royal Society of Medicine 16 it must be admitted that our efforts to utilize hormonal treatments for improving lacta-Itional performance in women, based upon our results with animals, have so far met with little success.
Similarly the relation between the hormones and the sex urge in woman is far more complex than in the lower mammals in which the urge to mate in the female simply results from treatment with ovarian hormones.
Again, studies on lower mammals and even insects, though very fruitful in adding to our knowledge of the genesis of hermaphrodism may be of little help to the clinician confronted by the problem of deciding how to treat a case of human hermaphrodism with its especial social and psychological considerations.
Dr. John Hammond: Having had considerable experience in the transference of the results obtained in one species to another, I am convinced that it is a very useful method with which to attack important problems. It is necessary, however, if bad mistakes are to be avoided, to understand thoroughly the physiology of the species concerned, before the results obtained in one species are applied to another. There is at present a need for more knowledge on the interrelationship between nutrition and endocrinology, for example, it has been suggested that the administration of vitamin E assists in cases where a deficiency of progesterone occurs in preventing abortion. There are, however, no exact experiments on this point. The whole subject of vitamins and trace elements in relation to internal secretion needs further exploration.
Dr. Arthur Walton: The comparative method may be the only possible approach to important problems which affect man. For example, in the analysis of male fertility the ultimate criterion of fertilizing capacity is the number of young, or of pregnancies, for a given number of matings. For obvious reasons the number of offspring from a man never exceeds a very small figure and individual births are distributed over a long period. The potential fertility of a man at any given time cannot therefore be assessed from his breeding record with any high degree of accuracy or statistical significance.
At one time it was common to assume that a male was fertile if a few active sperrpatozoa were found in the ejaculum.
Investigation of male fertility in rabbits revealed the fact that fertilization by any one spermatozoon was an event of very small probability, that the probability of fertilization was a function of sperm number and viability. and that the probability only reached a high level if the number of spermatozoa was large. It is now an established procedure to examine the semen of the male partner in childless marriages, whose responsibility may be as high as 50% of cases. The clinical tests applied are based upon results obtained Wit experimental animals.
Similarly, analysis of the endocrinology of spermatogenesis is based upon animal experimentation. It is important to determine to what extent the number and viability of the spermatozoa produced by the testis is dependent upon endo-secretions. The production of ova by the ovary is clearly dependent upon the level of gonadotrophic hormones in the blood, and over a wide range of dosage the number of ova produced is a function of the dose. If one ovary is removed surgically in experimental animals, the remaining ovary now produces double the normal number of ova, showing that the limit of ovum formation is not set by the anatomical limitations of the ovary but by the level of gonadotrophic hormones in the blood-stream.
In the case of the male, however, the relationship is not so clear. In the sexually mature animal little or no response is obtained from the injection of gonadotrophic hormones and recent experiments on rabbits have shown that after hemi-castration the output of the remaining testis remains the same.
Such experiments as described here cannot be done on the human, therefore there must be less certainty attached to hormone-therapy applied to this subject. The reaction of the human testis may be significantly different from that of the lower animals, but it would be unscientific to neglect the results obtained in animals in formulating human praxis.
Mr. Alastair N. Worden: The B vitamins furnish many examples of the limitations and uses of the comparative method. The search for the pellagra-preventive factor was greatly complicated by the study of "rat pellagra", which was a distinct deficiency. Canine blacktongue and pig pellagra were, however, analogous to human pellagra, and were 447 prevented and cured by nicotinic acid or amide, since used so successfully in man. "Rat pellagra", while confusing the pellagra issue, led to the identification of vitamin B.
(pyridoxin) which is required by other species, and probably by man. Canine blacktongue occurs naturally, but similar oral lesions are sometimes found in systemic disease of distinct xtiology, and have been noted in vitamin-A deficiency. Pig pellagra simulates necrotic enteritis, and is most easily produced at the age at which paratyphoid occurs naturally. Lesions of pig pellagra may, however, be set up in the absence of paratyphoid infection, while paratyphoid infection can be set up on a complete diet. The oral mucosa of the dog and the mucosa of the large intestine of the pig appear to be susceptible sites for local bacterial invasion, so that either a vitamin deficiency or a pathogenic infection can set up similar lesions. The Orkney vole is related to the rat, but is herbivorous. A synthetic diet containing 10% of yeast allows optimum growth in the rat, but is inadequate for the vole. Small quantities of grass render the diet completely satisfactory for the vole. The identification of the missing factor or factors may prove important to the nutrition of the domestic herbivores.
Vitamin-B deficiencies provide examples of species, breed and individual differences. Chick and her co-workers noted that some pigs learnt to resist the deficiency in experimental pellagra either by practising coprophagy or by eating their wheat straw bedding. Slavin and myself were able to exclude these factors but noted spontaneous recovery in several instances. Hughes in California observed that some pigs overcame the deficiency by licking yeasts and moulds on the concrete floore and walls of the sty. The provision. of a strictly deficient diet, the choice of suitable aDd presumably susceptible animals, the withdrawal of bedding and the preveption of coprophagy are not necessarily adequate if one wishes to produce deficiency symptoms in experimental stock.
Another nutritional, or partly nutritional, problem is enteric disease of the newborn. The position in man was summarized recently in the Lancet (1943, ii, 769-770) , in which attention was drawn to Gale's work in rats. Enteritis is common in the young of domesticated mammals, and a not dissimilar syndrome appears to be responsible for severe losses in newly hatched chicks. In all these diseases, bacterial infection, appears to be mixed or variable. Blakemore, Moore and myself have been able to confirm the early studies of Theobald Smith and Paul Howe regarding the importance of colostrum to the newborn calf in furnishing certain plasma globulin fractions, and have noted also its importance in supplying a rapid and available source of vitamin A. Differences in the ability of the human and of the bovine placenta to transmit substances of nutritional or immunological importance are well known, but categorical statements to the effect that the human baby is independent of colostrum do not appear to have been made on sufficient evidence. The reported greater resistance of breast-fed babies to diarrheea and vomiting is significant, and would appear to merit investigation by biochemical techniques that were unavailable twenty years ago.
Dr. A. T. Phillipson (Abstract):
To obtain a complete picture of the significance of any change in the level of any constituent of the blood, research must extend beyond examinations of the blood itself; the level of any constituent of the blood is an indication of the rate of exchange of that substance between its source, which is in the alimentary tract unless it is produced in the body, its place of storage, if there is one, and its rate of utilization or excretion.
The importance of comparative work is well illustrated by the study of digestion, for although the same agents may exist in all domestic species the relative importance of these agents differs considerably, thus herbivores rely largely upon bacteria as a means of digesting carhohydrate while carnivores have little need of bacterial digestion. One of the important products of bacterial fermentation of carbohydrate is a mixture of the lower fatty acids; the quantity of these acids present in the rumen and reticulum of sheep when calculated as g. acetic acid varies from 40 to 80 g. while in 3 horses we have found the quantity present in the caccum and colon of animals weighing approximately 600 kg. to range from 250 to 350 g. These acids are also found in the large intestine of pigs and rabbits. Direct absorption of these acids occurs from the organs in which they are formed even though, in the case of the sheep, the epithelium through which they must pass is stratified and squamous, for blood draining the rumen, reticulum and to a lesser extent the omasum carries a high concentration of volatile acids while blood draining the abomasum and small intestine contains only traces. Of the acids present, acetic predominates and forms from 60 to 70% of the mixture, the remainder being composed of propionic and butyric acids. Propionic acid is the only one of the 448 Proceedings of the Royal Societv of Medicine 18 three which is recognized to be a glycogen precursor, consequently, in animals at grass, the exogenous supply of carbohydrate is small unless a significant part of the carbohydrate is transported to the small intestine from the rumen in the form of bacterial polysaccharide. In any case the nutritional problem which arises is intriguing and some light is thrown on the apparent ease with which ketogenic conditions occur in ruminants for both acetic and butyric acids are ketogenic, especially when the liver is low in glycogen. In this respect the question arises whether or not the ketone bodies themselves are toxic, for organs such as the heart and mammary gland are capable of destroying considerable quantities of P-hydroxybutyric acid.
Mr. John B. Brooksby: The study of the endocrine function of the placenta is a good example of an undertaking which cannot be dealt with directly in all species. It will be interesting to see if the anatomical variation of the maternal and faetal circulation barrier in different species is correlated with the endocrinological functions. Newton and others have demonstrated that, in rodents at least, the placenta is associated with the hormonal control of many of the changes of late pregnancy, notably the, development of the mammary gland, the maintenance of an abnormal body-weight until term, and the parturient alterations in the pelvic girdle. It is difficult to see how such data could be obtained without the use of the experimental animal.
Dr. R. L. Worrall: Limitations of the comparative method are well illustrated by diarrhoea and vomiting of infants, a disease which cannot be traced to one specific organism by means of bacterial cultivation and animal inoculation. Organisms which are nonpathogenic in the adult human intestine, e.g. strains of B. coli or enterococci, may prove to be pathogenic to infants under certain gastro-intestinal conditions. The work of E. F. Gale at Cambridge indicates that in some infants a streptococcus causes diarrhoea and vomiting through the formation of toxic amines in the lower bowel, when bacterial fermentation of sugar produces there an abnormally high degree of acidity.
Such hyperacidity in the lower bowel appears to arise when conditions in the stomach and upper intestine permit an excessive growth of sugar-fermenting bacteria. Twenty years ago, W. M. Marriott showed that cow's milk, in taking up three times as much acid as human milk, creates hypo-acidity in the artificially fed infant's stomach, and so promotes there the growth of bacteria which would otherwise be inhibited by the acidity of the gastric juice. In this connexion, Azim el Gholmy has recently found that B. coli could frequently be isolated from the gastric and duodenal contents of Egyptian infants suffering from diarrhoea, but not of healthy infants. I am at present investigating a chemotherapeutic compound which is bacteriostatic to a wide range of the intestinal flora. But if the administration of this compound cures diarrhoea and vomiting of infants, Ishall not be able to point to one particular organism as the cause of the disease. The problem awaits a final solution from those who can adapt the comparative method to this serious disease of infants.
Dr. W. R. Wooldridge said that the comparative method enabled an investigator to piece together the series of results obtained from experiments upon distinct but related problems. From the results of individual experimental analyses, not always made even on the same species of animal, a comprehensive picture of the complex, dynamic equilibria of a living system could be built up and then tested as a whole.
